At the Vienna University of Technology an online course in sustainable product design has been developed. The aim of this course is to offer vocational training for professionals in product design. The interface of the e-learning system is easy to understand. The whole system is adapted to the needs of the target group. Communication and cooperation play an important role for the e-learning system. Extensive evaluation is supposed to ensure the effectivity of the system.
Introduction
A common argument which can be found in the literature again and again is that lifelong learning and vocational training are becoming increasingly important (see e.g. [RS02] , [JHG03] ). An area for which this argument is definitely valid is ecology, especially because this topic still receives too little attention in traditional university curricula. At the Vienna University of Technology vocational training courses in this area have been offered for several years, especially in Ecological Product Design [WZ01] . These courses were held as normal lectures. One of the problems of these courses was that participants not coming from Vienna had difficulties to attend. Therefore, we developed the concept of an online course with a restricted amount of face-to-face teaching.
Distance Education is often seen to have special advantages for adult learning (see e.g. [JHG03] ). Working adults and mothers of little children are frequently unable to attend vocational training courses held in the form of face-to-face lectures. Distance Education is a possibility to offer education to these people. Nevertheless, it is necessary to adapt these courses to the needs of adult learners. In this context, a problem-based approach and the consideration of the professional experience of the learners are important [RS02] . In addition, the motivation of adult learners in continuing education is usually higher than that of the younger university students [JHG03] . These considerations suggest the adoption of constructivist approaches for the design of e-learning systems. Furthermore, we think that it is important to support the empathy between teachers and learners and to assist the learners in a comprehensive manner to avoid the high drop-out ratio typical for Distance Education [Ho01] .
In the following paper, we describe the concept of the Ecodesign e-learning course. To ensure the efficiency of this system we also conducted a comprehensive evaluation of the whole course. At every step in the development process specific evaluation methods were adopted. The results from the usability tests of the first prototype of the system are described elsewhere [PR04] . The work described in this paper rather analyzes whether the main ideas behind the Ecodesign e-learning system are adapted to the needs of the target group or not. An important point in this context was how to design electronic communication and cooperation for adult learners with little computer literacy (as is the case in our target group).
Description of the System
An important aspect of the didactic approach underlying the Ecodesign e-learning system is the usage of a metaphor. A metaphor can make learning easier by relating to well-known situations. It can also help to provide a meaningful context for the material presented in the system (see e.g. [PRS02] , [Sc97] ).
We chose an office as a metaphor. The single tasks are located in individual rooms. The function of these rooms is somehow related to the task it represents. In this way we ensured the consistency of the metaphor (see e.g. [Sc97] , [Ni00] ). Based on the usability tests we chose the following rooms: an office ( fig. 1, left) , a library ( fig.  1, right) , and a room for communication. The office contains all the examples which the learners have to solve and essential information to solve these problems. This information is organized as dossiers. The library contains additional material and material like standards which serve as a reference. The room for communication contains a discussion forum, an access to a chat, and general and administrative information for all participants. In the library, all the documents are stored as PDF-files. The distinction between essential information (in the office) and additional information (in the library) enabled us to reduce the size of the dossiers in the office and to organize them in hypertextual manner.
The maximum number of participants in a course is 20. The course is delivered in the form of Blended Learning.
The face-to-face meetings are fairly cumbersome for the participants from outside Vienna. Nevertheless, they allow an intensity of interaction and learning which makes up for the trouble of traveling. The duration of the course is four months. There are three face-to-face meetings during the course, one at the beginning, one in the middle, and one in the end. The face-to-face meetings make up 30% of the course. In between those face-to-face meetings are two online learning phases during which the participants are supported by an online tutor.
It is well-known that online learning is difficult for some people because of a lack of motivation. We decided to offer active learner support to the participants [RV03] . An online tutor helps all the participants with their problems, organizes communication and cooperation during the course, and motivates them to keep going. The online tutor is also present in the face-to-face meetings but the structuring of online learning is her main task. It was her function to provide a motivating learning situation and mutual understanding between trainers and learners (active tutoring). MacPherson and Nunes [MN04] also argue that tutors are vital for the success of elearning.
We decided to develop our own e-learning system because the existing platforms contain a huge amount of features which are not needed for our course. Such features are usually costly and distract from the main goal of the system. The interfaces of such platforms are usually complex and difficult to learn [Sc01] . In contrast to that, we wanted to develop a lean e-learning system which is simple and easy to understand. Therefore, we decided to use the Open-Source Web-Application-Server Zope (www.zope.org) as a basis for our e-learning system. 
Methods of Investigation
Lowyck [Lo02] points out that design decisions for e-learning systems are often founded in intuition rather than in systematic reasoning and based on empirical research. He suggests that such an approach has its limits because relevant insights have to be made again and again. . This is also argued by Dalsgaard [Da05] . One possibility to overcome such limits are guidelines (see e.g. [CM03] ) based on scientific research. In the course of the project we developed a set of guiding principles for the Ecodesign e-learning systems. These guidelines are based on previous work [Po04] . These guidelines also formed the basis for the evaluation process. Important aspect for these guidelines were the organization of navigation; usage of pictures, animations, and videos; the design of communication processes and the question whether the contents of the course was relevant for the professional practice of the participants. We adopted a mixture of quantitative and qualitative research methods.
On the one hand, we conducted interviews with the participants of the course, on the other hand we carried out a logfile analysis of the users' actions. Unluckily, more extensive testing with the real users was not possible because of the time constraints of the participants. Most of the participants worked full-time, and some of them did not live in Vienna, so they were very reluctant to spend more than one hour for tests of the Ecodesign elearning system. In the following, some of the results of the interviews and the logfile analysis are discussed.
Results of the Interviews
The interviews with the participants of the course took approximately one hour. They were structured according to the guidelines mentioned above. The interviews were tape recorded and transcribed.
Most participants found, that the Ecodesign e-learning course was useful for their work practice and adapted to their needs.
We tried to ensure that the structure and the navigational facilities of the system was as clear and simple as possible, so that the participants were able to concentrate on the contents of the system. To a certain extent, we could achieve this goal. All participants but one said that the system was simple and clear and the structure understandable. We offered several possibilities of navigation to the participants: a tree-like structure on the left of the screen (similar to the Windows Explorer), breadcrumbs (a description of the hierarchical path on top of the main text field), a sitemap and links within the text (see fig. 2 ). Most participants of the course (9) found the tree structure the most comfortable navigation possibility to use. The attitude towards the sitemap was rather controversial. Some of the participants found this feature very positive (5) because it gave them an overview of the system. Others found that the sitemaps were chaotic and that they did not know what to do with it (6). Even those persons who had a positive attitude did not use the sitemap for navigation but rather to get an overview of the material. Breadcrumbs were only used by two persons. They only used them for orientation, not for navigation. The links in the text were only used by a few people. Non-hierarchical links which led to a different part of the document were criticized by several people as completely confusing. Others found that they gained interesting insights from these links.
Communication among the participants and between participants and trainers was a very important feature of the system. Right from the beginning of the course, interaction between participants and trainers was organized by the online tutor. Chats regularly took place at appointed times. The participants also had the possibility to ask questions in the discussion forum. In principle, all participants of the course found communication as such a very valuable part of the learning process although there were divergent opinions as to which form of communication was best. The chat was criticized by many participants (7). It must be mentioned, that some participants had technical problems with the chat (especially because of restrictive firewalls in their companies). Apart from the technical problems, participants also stated that chats are chaotic, that you never know whether an answer belongs to your own question or to somebody else's, that time-lags are annoying and that chats become confusing when many people take part. In addition, participants complained that it is not possible to discuss problems in great detail in chats and to get comprehensive answers. Some of the participants also found it difficult to be prepared for every chat, that is to be able to ask intelligent questions. Sometimes, no discussion at all happened in the chat because nobody asked any questions despite the activity of the online tutor who tried to motivate the participants to take part in the discussion. Lawless and Allen [LA04] argue that problems with online collaboration might be due to stress. Learners feel pressured to support their team members. Other participants found the chat very interesting. They enjoyed getting a more personal contact to other learners and trainers. The discussion forum was appreciated by all the participants, even if some of them pointed out that the design of it could be improved. The support from the online tutor was praised by all the participants. Active tutoring was probably responsible for the fact that all participants finished the course successfully despite the high workload.
Results of the Logfile-Analysis
The The navigational behavior of every of the eleven participants was analyzed. In addition to the five main forms of navigation (see fig. 2 ) we also took additional factors into consideration: number of clicks on links leading to postings in the discussion forum (VP view posting); number of clicks on links leading from the office to the library (O2L office to library); number of clicks on PDF files in the library (PDF). The last three categories might also be seen as text links but we think their function differs considerably from normal text links, therefore we analyzed them separately. Table 1 contains a minimum and a maximum number for all categories. These numbers show the maximum (minimum) number of clicks in this category for a specific user, the average number of clicks in this category and the percentage across all users. The values in the min-and max-lines do not necessarily come from one single user. These data also show that the tree navigation was most popular among users. It is probably so attractive because all users are well acquainted with this form of navigation and it can be used easily because it is always visible on the screen (in contrast to the sitemap which has to be accessed specifically). The other methods of navigation were only used rarely. The average number of clicks for breadcrumbs (47.0) is due to one single user who used this form of navigation 482 times. The other users only adopted this form of navigation between 0 and 11 times. The same user also used the sitemap comparatively often. He clicked 479 times on the sitemap to access single pages.
Conclusion
In principle, the participants found the Ecodesign e-learning course very interesting and engaging. There are probably several reasons for this. We tried to develop a very simple and usable system. Apparently, the users appreciated this. In addition, the contents of the course is seen as relevant for the work practice of the participants. Another factor is presumably also the example-oriented character of the system which allows for a more autonomous learning process than ordinary in vocational training.
There are, of course, single features of the system which were criticized but the system as a whole and especially the systemic and holistic approach was approved. Most of the participants worked through the material in the office section in a linear manner and, as a consequence, only used the navigational tree. A hypertextual organization of the material did not make very much sense for them. They see a fundamental difference between the office section of the Ecodesign e-learning system and the WWW in that they have to learn every page for Ecodesign but only search for specific pages in the WWW. The hypertextual organization of the system only makes sense during the solution of the examples for searching for specific domains within the dossiers.
Computer-mediated communication (CMC) played an important role in the Ecodesign course. The attitudes toward the various forms of CMC varied widely. Chat was criticized heavily. This might also be due to the fact that no participant had any previous experience with chat (low computer literacy). The discussion forum was seen as a preferable form of communication although it is an open question how this forum should be organized to ensure continuous participation of all learners. Because of the high workload of the learners a rigid schedule for electronic communication might be necessary also in a discussion forum.
The participants all found that the online tutor was extremely helpful and very important for their work. The fact that all participants finished the course successfully is probably due to the concept of active tutoring.
